Hair has the ability to assimilate a variety of chemical compounds. The analysis of hair for determining first-hand exposure to illegal drugs is a popular forensic technique. [1] [2] [3] [4] [5] [6] Molecules such as explosives can also become trapped in hair due to external exposure and detected at trace levels.
Introduction:
Hair mirrors its chemical environment. From the early 20 th century researchers have tried to quantify chemical exposure in laboratory animals and humans through the analysis of their hair. Research has shown drugs, metals, and other chemicals can accumulate on hair by both internal and external modes. Sampling hair for the detection of drugs is a relatively non-invasive method. [1] [2] [3] [4] [5] [6] The Society for Forensic Toxicology (SOFT) has accepted drug analysis of hair as a confirmatory technique, and the Substance Abuse and Mental Health Administration (SAMHA)
has reviewed various factors pertinent to use of this technique as legal evidence. 12, 13 Researchers at the Royal Armament Research and Development Establishment (RARDE) are credited as the first to suggest hair could be used as evidence of exposure to explosives.
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They documented the sorption of explosives on cut human hair that had been exposed to EGDN (ethylene glycol dinitrate) and nitrobenzene. Our research group extended their study to include sorption by cut hair of 2,4,6-trinitrotoluene (TNT); hexahydro-1,3,5-trinitro-s-triazine (RDX, the active ingredient in C4); pentaerythritol tetranitrate (PETN, the explosive found in detonating cord and sheet explosives); EGDN; triacetone triperoxide (TATP), diacetone diperoxide (DADP), nitroglycerin (NG), and 2,4-dinitrotoluene (DNT). In addition to demonstrating differences in the extent of sorption over time, our studies have shown hair color affected the extent of explosive sorption. As expected, water solubility affected the persistence of explosives upon washing. [7] [8] [9] [10] The purpose of the present study was to determine how laboratory experiments with hair translate into the field by pre-and post-blast hair sampling of individuals involved in explosive Participants in these studies combed their hair using a comb fitted with cheesecloth wet with methanol. The used gauze/comb assembly was wrapped with aluminum foil, placed inside of a plastic bag and returned to the University of Rhode Island (URI) laboratory for subsequent solvent extraction and explosives analysis by GC-ECD. Herein is reported the recovery of PETN, TNT, and RDX from the hair of individuals participating in these tests.
Materials and Methods
Reagents Ultra-pure (2-mMho) water was prepared by passing distilled water through a series of mixed bed and activated carbon filtration cartridges (Barnstead International -Dubuque, Iowa).
"Water" referred to herein implies the use of this ultra-pure water. Organic solvents used were HPLC grade acetonitrile (Fisher Scientific, UV-cutoff 190nm), HPLC grade methanol (Fisher Scientific, UV-cutoff 205nm), and acetone. Ultra high purity (UHP 99.999%) helium, nitrogen, and hydrogen were used as carrier/makeup gases for gas chromatography and pre-purified nitrogen (99.9%) was used for solvent evaporation.
Combs for Sampling
Black "unbreakable" plastic combs were purchased in bulk and cleaned of residual contaminants by two 15 minute washes in a 1:1 acetone/water bath. Reagent grade cheesecloth Table 2 . The collection procedure was identical to that used at Fort A.P. Hill except water was used in place of methanol to moisten the cheesecloth fitted on the combs.
Sample Processing
Information written on the sample bag labels was recorded at the University of Rhode Island (URI) laboratory. Cheesecloth pieces were removed from the combs using clean stainless steel forceps. Each piece of cheesecloth was placed in a clear, labeled, screw-capped vial (85mm H x 23mm OD) and ~17mL of acetonitrile was added. Vials were shaken for one hour mechanically (150 linear oscillations/minute for A.P. Hill samples and 325 orbital oscillations/minute for Redstone samples), removed, shaken vigorously by hand for one minute, and placed back on the mechanical shaker for an additional hour. Extracts were decanted through a glass funnel into a clean, clear screw-capped vial (85mm H x 23mm OD). The cheesecloth was transferred from the vial to the funnel, and residual solvent was pressed out of the cheesecloth using a spatula. The cheesecloth was placed back into the original vial and washed with an additional 7mL of acetonitrile by one minute of vigorous hand shaking. The second extract was decanted, pressed from the cheesecloth, and combined with the appropriate primary extract.
Vials of filtered extract were capped and stored at -24°C until they could be concentrated using a nitrogen stream.
AP Hill sample extracts were concentrated to dryness with nitrogen via a custom designed manifold system (~1400mL/min per vial) which held up to 22 vials. An additional 1.00mL of water was added to Redstone samples prior to nitrogen concentration in order to prevent trace volatilization of TNT. At dryness, 2.00mL of acetonitrile was added to each vial, and the vials were resealed and gently agitated (~60 oscillations/minute) on an orbital shaker (Clay Adams -Nutator) for 30 minutes. The final extract was transferred to a labeled 2mL amber GC vial (Agilent Technologies) and stored at -24°C until GC-ECD analysis.
Quantitative Analysis Fort A.P. Hill Samples: A Gas Chromatograph with a micro Electron Capture Detector (Agilent 6890N GC-μECD) was used to detect and quantify PETN, TNT, and RDX in the comb/ cheesecloth extracts. The column was a fused silica DB5-MS (J&W Scientific -30m X 0.25mm
The injection port temperature was set at 175°C (5:1 split) with an injection volume of 1µL. The carrier gas was helium (8.0 mL/min., constant flow) and the makeup gas was nitrogen (40.0 mL/min.). The oven temperature program was as follows: 50°C for 1 min., 20°C/min. to 170°C with 1 min. hold, 5°C/min. to 185°C, 25°C/min. to 280°C with 5 minute final hold. The detector temperature was 300°C.
Redstone Samples: A GC-ECD (Hewlett Packard 5890 Series II) was used to quantify the PETN, TNT, and RDX. The column was a fused silica DB1 (J&W Scientific -6m X 0.53mm ID X 1.5µm d f ). The injection port temperature was set at 175°C (splitless) with an injection volume of 1µL. The carrier gas was hydrogen (41.5 mL/min. measured at 27°C) and the makeup gas was nitrogen (63 mL/min.). The oven temperature program was as follows: 100°C for 2 minutes, 10°C/min. to 200°C, 20°C/min. to 250°C w/ 5 min. final hold. The detector temperature was 300°C.
At GC injector temperatures of 200 to 250°C the signal response for RDX and TNT was elevated; while that of PETN was much lower due to degradation in the injector. At lower injector temperatures (165°C) the instrument response for RDX decreased significantly; therefore, the optimized injector temperature was chosen to be 175°C. RDX and TNT peak tailing was reduced by keeping the detector temperature at 300°C and using a ramp rate of 5 or 10°C/min as TNT and RDX eluted.
To conserve sample extract, 250µL flat bottom glass vial inserts (Agilent Technologies) were utilized during GC analysis. A low temperature re-circulating water bath (Endocal -Neslab Instrument Inc., Newington, NH) was used to keep GC vials stored in the auto-sampler trays of both chromatographs at a constant temperature (5-10°C) during long runs.
Calibration Standards
Analytical stock solutions of 1000 ppm were individually prepared from PETN, TNT and RDX reference materials dissolved in acetonitrile. Calibration standards containing all three high explosive analytes were prepared from the stock solutions with concentrations ranging from 10 to 0.01 ppm in acetonitrile.
Quality Assurance
Unused combs returned from the sampling sites were extracted and processed as control samples using the identical extraction procedure as was used on samples. Detection limit studies were accomplished with these control samples. Cleaned cheesecloth was used for performing laboratory spike recovery studies and as preparation blanks included with each sample set. In a small percentage (~5%) of the acetonitrile extracts, matrix interferences, probably caused by hair care products and natural oils, were observed as white suspended solids in the concentrated samples. Such interferences contributed to high baseline noise and made it necessary to evaluate the significance of the data. 
Average LOD values for samples containing TNT, PETN, and RDX were usually near 6, 40, and 30 ppb, respectively, and average LOQ values were usually about 10, 100, and 70 ppb, Information from individual comb bag labels and personal consent forms along with masses of any of the explosive analytes were compiled for all samples in a master spreadsheet. Tables 3 and 4 summarize the data for Week 1 and 2 at Fort A.P. Hill and Table 5 includes the average data from the Redstone Arsenal shots. Average results are reported for the PETN is unpublished. 17, 18 By the final afternoon sampling during Week 2 at A.P. Hill every participant was contaminated with PETN and greater than 50% showed traces of RDX and TNT.
Results and Discussion
Correlations between the quantity of PETN, TNT, and RDX recovered from individuals' hair and individual physical characteristics were limited by the diversity of the sample pool.
Participant hair length was mostly short or missing (bald), and greater than 90% of the participants were Caucasian males. A comparison of participants' hair color to explosive contamination was examined for the Week 1 and 2 Fort A.P. Hill samples combined. Table 6 shows hair color versus average explosives recovered (ng) and the percent of participants contaminated with PETN, TNT, and RDX. The relative percentages of explosive contamination (~90% PETN, ~50% RDX, and ~30% TNT) seem to hold across all hair colors within a deviation near 10%. There was a slight bias towards greater contamination on black hair, but this could be associated with experimental error.
Conclusions
Trace organic explosives can be successfully recovered from and detected on the hair of exposed individuals. Results from morning samplings, before any explosives were handled, indicate that explosive contamination can persist overnight, especially when the previous afternoon exposure was high. Over 60% of participants on the last morning of the A.P. Hill testing had detectable amounts of PETN in their hair. Additionally, the average amount of PETN recovered in the afternoon (after explosive handling) increased over the course of each week at A.P. Hill. There appeared to be no correlation between the presence of hair treatment products and the degree or likelihood of explosive contamination, but these products did lead to increased matrix interferences in the chromatographic analyses. The limited participant pool, mostly
Caucasian males with short hair, did not allow correlation of contamination with other physical characteristics, such as hair color or length. 
List of Tables

